1 Abstract-The increasing amount of stochastic power generation connected to power system increases the need for additional ancillary reserves. Most of today's electricity consumers are relatively flexible and easily controllable, providing an already existing supplement for traditional power system ancillary services. The flexibility of loads depends on the number, type and size of consumers. In small power systems utilizing loads for power system services pose different challenges for the system operator than in larger systems. The main challenge lies in developing a business case and incentives for the customers to participate in such services. This paper discusses and analyses the Estonian three most energy intensive economic sectors potential for demand side response from a small power system point of view. Generally, it is determined that demand side flexibility provides incentives not only for the power system operator but also for the customer who is able optimize its processes to gain higher economic and energy efficiency and at the same time provide flexibility for the system operator.
I. INTRODUCTION
According to the European Union's Energy Efficiency Directive article 15.8, all member states are obliged to support access of demand side response (DSR) services providers to the electricity and ancillary service markets. The governmental regulatory institutions for the energy sector together with all market participants are required to work out the necessary technical requirements and parameters for enabling DSR services access to markets [1] . Currently from 28 member states only 5 have regulatory and/or contractual measures that allow or promote different DSR measures to be used for power system control. Finland, Belgium, Austria, Great Britain, Ireland, Germany and France are revising their legislation, which should promote the usage of DSR in those countries [2] .
In comparison to the above listed countries, where peak demand can be measured in tens of gigawatts and population in tens of millions, the Estonian power system is a diminutive compared to them. The Estonian power system is operating in parallel with the integrated and unified power system (IPS/UPS) of Russia. In 2014, the total capacity of installed power plants was 2 713 MW, and the peak demand has stayed below 1 600 MW. Together with the other two Baltic States, Latvia and Lithuania, the total system capacity is approximately 6 GW and peak load 5 GW.
In the synchronous area of IPS/UPS the frequency control and its related reserves are maintained centrally in Russia. Although there are secondary and tertiary reserves within the Baltic States, then the required capacities are solidarily shared amongst all parties in the synchronous area to keep its operational and maintenance costs low. The increasing share of stochastic and weather-influenced generation in the system inevitably increases the need for additional balancing services to cover the possible mismatches between demand and supply. Using electrical loads as a source of flexibility is one way to solve the need for increasing reserves, however it will be challenging as due to the system's relative size the loads are small in unity and dispersed over the system. The paper aims to discuss the unused technical potential and willingness from the consumers to provide DSR in small power systems. The results presented in this paper are the outcome of a two year research and cooperation with the Estonian large electricity consumers. Furthermore, as the Estonian power system operates synchronously with other Baltic States power systems, i.e., Latvia and Lithuania, and is in many ways similar, the results and methodologies could be used as basis for future local and regional studies as well.
The paper has been divided into four major sections: the first provides an overview of the previous research and potential of DSR, the second discusses on existing regulation methods and capacities in Estonia, the third provides an assessment of methods used to map the DSR potential in small power systems, and the fourth section discusses and analyses the DSM potential available for power system support. Final section of the paper summarizes the results.
II. DSR AS A SOURCE OF FLEXIBILITY IN PREVIOUS RESEARCHES
In this paper the demand side management (DSM) and DSR use a classification according to the ENTSO-E's policy Demand Side Management in Small Power Systems -The Estonian Case Study paper for DSR [3] published in September 2014. DSR is load demand that can be actively changed by a trigger. DSM is the utilization of DSR for a purpose such as system security (i.e. balancing and congestion), or system adequacy. Electrical loads are nowadays more predictable and controllable, giving a new opportunity to manage the power system all together through DSM e.g., to prevent outages in power system or participate in the system control (balancing), as well as optimal development of the network [4] - [6] . Torriti et al. in [7] give an overview of the DSR experience in different European countries. Recent developments have reshaped the DSR programs, which are starting to focus on commercial and residential customers rather than industries. For example the Electricite´ de France's Tempo tariff is one program that uses different prices according to the weather for small businesses and residential customers [8] . A Danish study determined to aggregate 260 MW (6 % of the Danish peak load) DSR loads from approximately 125 000 households with electric heating. The pilot study determined that a household could provide up to 5 kW of controllable loads per household [9] .
Palensky and Dietrich in [10] point out that DSM's main advantage is that it is financially and economically more promising to intelligently control consumers for providing balancing services, than to build new power plants or install energy storage units. Bradley et al. in [11] bring out that deploying DSR in the market can bring positive economic effect and increase the economic welfare for the society. The authors have brought out eight core benefits that DSR can have on the power system e.g., absolute and relative reductions in electricity demand (up to 2.8 % reduction in overall consumption and 1.3 % shift of peak demand in the United Kingdom). In addition, by providing ancillary system services some investments into grid and plants can be displaced. However, large scale participation in DSR may be low without the appropriate sharing of benefits among the parties. In addition, incentives are needed to lower the participation costs in such programs.
A. Services for the Transmission System Operator
As described in [3] DSR could offer the transmission system operator (TSO) additional ancillary reserve resource to securely integrate weather-influenced generation, maintain security of supply, and optimize the utilization of infrastructure and investments. However, in many cases loads are used as a last resort in emergency situations [3] , [12] . On the other hand, investing in additional ancillary services power plants requires large investments into new generation that is needed for its power, not for its produced energy [13] . Besides balancing and shortage of power supply, the increasing renewable integration can lead to regional oversupply and the coinciding frequency and voltage instability problems [14] , [15] . The following services through DSM would be of interest for the TSO.
Frequency control. DSR has the potential to cover several frequency reserve requirements. The authors of [15] and [16] bring out that DSR can make a significant and reliable contribution into primary frequency response through dynamic loading. The author in [17] proposes a method to implement industrial loads as frequency restoration reserves (FRR). FRRs are reserves that relieve frequency containment reserves (FCR) that are fast switching and aim to stabilize the frequency deviation [18] . In another paper [19] an approach for DSM was presented where only the secondary or non-essential loads were shed, i.e. boilers, refrigerators, heating, ventilation, and air conditioning (HVAC). As soon as the disturbance is over, the loads can be smoothly recommitted, skipping long restoration procedures.
Voltage control and stability is mainly affected by load when the power system is unable to meet the demand for reactive power. The phenomenon itself is mainly a local problem in the power system but can lead to system wide incidents [20] . According to [21] load characteristic is one of the most important factors affecting voltage stability. The variety of load types in the system enables the possibility to provide for example seasonal voltage control or other voltage stability related services through DSM.
III. ESTONIAN POWER SYSTEM REGULATION SERVICES
System services are technical measures for the electrical power system which ensure the reliability of the system, the security of supply, and power quality. System services include maintaining the frequency, ensuring the existence of reserve capacity, keeping the balance for active and reactive power, regulating voltage and other similar services.
Balancing services are power regulation actions covered by the TSO to balance out the shortfalls and excess of energy due to the actual market situations. These actions also include activating emergency reserves in case of crossborder link failures and generator outages. The services are ordered based on equal terms from the provider who offers the most techno-economically optimal price (pay-as-bid principle).
A. Historical Overview of Regulation Services
An overview of different regulation services (i.e. regulation capacities, occurrences and costs) is given for the Estonian power system over the period 01.01.2011… 30.10.2014 . Although the analysis was done for both, up and down regulation, then it was determined by interviewing potential service providers that from the DSM point only up regulation (i.e. load shedding) is currently possible and therefore under discussion. Figure 1 illustrates the total requirement and total cost distribution for system services through up regulation over the period 2011 to 2014. System services requirements have varied over the studied period significantly. In 2011 system services were ordered only on 264 hours, the following years, 2012 and 2013, it increased to 1 984 and 1 877 hours respectively, remaining around 1 000 hours in 2014. Majority of the ordered regulations remained below 40 MW and constituted merely 35 % of the total costs on system services through up regulation. The cost of MWh system service has increased over the observable period by 35 % to 71 euros but price variation range has doubled from maximum price of 65 euros to 126 euros.
On the other hand, the requirement for balancing services through up regulation and emergency reserves have stayed on a constant level or even decreased (emergency reserves). Up regulation have occurred around 600…700 hours in a year, 2012 being an exception with 320 hours. At the same time emergency reserve activation has decreased from 953 hours in 2011 to around 100 hours in 2014. Most (86 %) of the ordered regulations remained below 60 MW and constituted 72 % of the total costs for up regulation balancing services over the period from 2011 to 2014 ( Half (55 %) of the required emergency reserve activations take place at capacities over 60 MW but 47 % of total cost is constituted by regulations over 100 MW (Fig. 3) . The cost of MWh balancing service has not changed significantly over the last four years remaining around 60 euros, also the price variation range does not indicate any significant changes remaining between 30 euros and 100 euros with an exception in 2013 when the price range was between 18 euros and 227 euros. The total cost of emergency reserves on the other hand has decreased compared to 2011 from 4.1 million to 1.4 million euros in 2012 and 2013. The first 10 months of 2014 indicate a further drop, remaining below 0.5 million euros.
From the analysis above it can be deduced that there is already today potential for the consumers to participate either for the balancing service or system service provision. 85 % of the balancing services and more than 60 % of the system services are order by capacities below 60 MW and 40 MW respectively. The cost of these services in the capacity range 40…60 MW over the last 4 years was approximately 9 million euros. Although the price per MW is low, the consumers have the possibility and potential to participate in these services.
B. Technical Constraints
Both, system and balancing services can be in theory also provided by consumers. However, due to technical limitations the Estonian TSO accepts regulating service offers starting from 5 MW (eligible 10 MW). In addition, all the offers have to be submitted two hours prior to the possible request for service. Single loads with such capacities are very rare in the Estonian power system and usually tied to an industry's main process, thus making it uncontrollable from the customer's point of view. Therefore the necessary load capacities for ancillary services could be aggregated from smaller controllable loads to meet the minimum criteria.
In the commercial sector case, total load shed cannot be discussed as the cost of lost man hours or working days is not rewardable through DSR. It should be noted that as a singular service provider these consumers are a minor players compared to the traditional service providers (i.e. power plants) and in addition the expected reward levels are far from today's market situation where pay-as-bid system is used. Nevertheless, if they could be aggregated on a wider system level and a business case for motivating participation on such market would be in place, they could become quite competitive and eligible service providers.
In addition to the technical constraints, no means to aggregate or verify the ordered services exist. To implement DSR and DSM on a wider scale new information and communications technology together with market platforms need to be developed for controlling and managing these services. The main obstacle for today's market is the service providers' inability to aggregate consumers at any power/energy level to make the provided services easily accessible and verifiable for the necessary parties.
IV. ANALYSIS OF DSR POTENTIAL
In the following discussion the authors will mainly focus on the DSR in the industry, public and commercial sectors as they are seen as the most eligible service providers. The automation level and infrastructure needed for remote controlling is most probably already installed, meaning a relatively small need for additional investments. Households on the other hand are rather small unit consumers and would require bigger aggregation level and higher investments to provide the services under investigation for the TSO. In addition the households' electricity consumption and the willingness to allocate loads for DSR are more influenced by comfort and values rather than technical and economic feasibility. Therefore the analysis of the household consumer would be more of a social research rather than a technoeconomic analysis. This section focuses on the aspects how to determine the DSR potential for different economic sectors where the initial investment for aggregation would be low and other measurable incentives for participation are available.
A. Control Methodology for DSR Loads
A classical large-scale electricity consumer is usually a business whose sole aim is to produce a profit to its owners. If DSR is deployed and the controllable load is critical for the business, then this might inhibit the primary goal of the business. Therefore, to implement DSR the risk of discomfort for the business owner should be minimized, otherwise the DSR development is halted. Figure 4 illustrates as an example the results of a production process mapping with production capacity of each sub-process in an industry. As long as the most critical process's operation is guaranteed (in Figure 4 "Process 2"), the rest of the processes can be allocated for DSR. Minimizing the potential risks for the business owner can be achieved by utilizing the built-in intermediate storages as onsite energy storage to shift the electricity consumption of certain parts of the controllable process. The "electrical" storage capacity of such units is determined by the physical size of the intermediate storage and its coherence with the following sub-process [22] . The bigger the production capacity and the following intermediate storage of the optimizable sub-process are compared to the consecutive process, the longer it is possible to deploy DSR in that process. Over the course of a related research [22] , the authors determined a linear correlation between electricity consumption and product output in industries (R 2 = 0.79). The authors in [23] determined similar association between temperature and electricity consumption with a correlation factor R 2 = 0.87. In addition, it was stated that a 0.55˚C (or 1˚F) change in freezer zone air temperature would change the energy consumption of the analysed freezers air handler by approximately 50 kWh. At the same time other studies e.g., [24] and [25] suggest an energy saving potential between 2 %…10 % with a 1 degree (˚C) temperature change. As there are not many processes to shift in the commercial and public institutions the main storage possibilities and therefore DSR potential lie in thermal storage and temperature control. These interdependencies provide the necessary bases for determining potential business cases for the consumers to motivate them participating in DSR and DSM.
B. Business Cases for DSR
In comparison to larger power systems, where DSR is measured in hundreds of megawatts and the rewarding system is in thousands of euros per megawatt, small power systems, such as Estonia, do not have the financial or technical potential to work on the same concepts. The business case for the Estonian customer should be based on other principles than the direct financial motivation of DSR and ancillary services markets in large power systems. Example business cases for different economic sectors are described in the following subsections.
Wood Industry
Depending on the produced goods, electricity cost can make up to 4 %…12 % of the manufacturing costs of the final product in the wood industry [26] , [27] . One of the most perspective DSR measures is optimizing the factory's electricity costs according to the spot market price. This is considered to be one of the key elements lowering the production costs in the industry. The authors of [22] have determined that the electricity cost (E), which is a stochastic parameter, for a single load under investigation can be minimized according to scenarios s with (1) 
where Pt is the electricity price for time period t, C L is the output power of the load depending on the production volume Qt, P(s) is the probability of scenario s, and C E is the external cost of the load shifting e.g. start-up costs, labor costs and etc. Two scenarios have been analysed for an industry. In the first scenario the production plan was adjusted according to the historical market prices. Since actual spot price dips and peaks might not be in the determined range and time then the second approach utilizes in addition the day-ahead price information. This enables the industrial consumer to use the most optimal production plan for the specific day. A simplified production control philosophy is illustrated in Figure 5 .
The authors of [22] determined that by applying the optimization according to the historical market price data, the load's annual electricity costs could be lowered up to 11 %. However, when implementing additionally the dayahead market price optimization algorithm according to (1) , the specific electricity cost of the studied sub-process could be lowered as much as 17 % compared to the base case. The same load control principle could be then applied for providing DSM.
Office Buildings and Shopping Centers
In the public (office buildings) and commercial (shopping centers) sector the business case is built solely on the concept of covering administrative charges (heating and ventilation related) through price based load control. Price based HVAC control is based on the principle that at higher price periods the air flow to the rooms is reduced or the cooling element is allowed to work at higher set-points e.g. the room temperature is kept between 20 ºC…26 ºC [28] . In case of controlling water heaters the water in the boilers has to be kept at least 55 ºC …60 ºC to prevent bacteria from growing [29] .
The temperature control algorithm checks the actual hourly price against the last 24 hours average price. If the prices are equal, no control is performed, however if there is a price difference a new set-point is determined [30] . In shopping centers' the most probable controllable load was determined to be the central cooling station for the freezers and refrigerators, all other electrical loads (i.e. lighting, and etc.) were considered either as essential for operation or marginal to the possible effects.
The main constraint for DSM arises from the issue that loads allocated for DSR could be only switched to lower consumption profile in order to maintain the work of essential equipment and assure the minimal requirements for the safety, working environment and the comfort of the employees. However, it was determined that utilizing additionally a cold storage, the flexibility of freezers could be increased threefold.
V. DISCUSSION OF DSM POTENTIAL
Based on the interviews with the customers and analysis of the consumption data, the controllable loads are divided into three categories based on the industrial consumers. This assures that the customer would bare minimal losses when implementing DSM. Similar classification of loads will be used also to describe the other consumers potential for DSM.
"Freely" controllable load (FCL) is the load of the processes that can be allocated for DSM measures at any time. In the case of industrial consumer the load depends strongly on the load factor of the electrical machines, remaining around 50 %…60 % from rated power (PN) for mechanical processes and can be calculated as follows
where n is the total number of electrical drives in the process, σm represents the loading factor of the specific drive and PN, m is the rated power of the specific drive. "Conditionally" controllable load (CCL) is the load of the processes that can be controlled under certain conditions or at certain times. This load depends from the process that runs with variable load, increasing under certain conditions the FCL service provision up to 40 %. CCL can be calculated as follows , 1 (1 ) .
"Exceptionally" controllable load (ECL) takes into account also loads that under normal condition are not controllable and can be allocated for control under extreme conditions i.e. load shedding during emergencies in the power system or when the service price is high enough to cover the expenses occurring with DSM measures.
A. Paper and Wood Industry
The main precondition for industrial consumers to partake in DSM is that the final production is not affected by it e.g. due to storage capacities after the controllable loads. The analysed wood industry's rated and theoretical potential for providing DSM measures with durations according to available storage capacities is summarized in Table I . Based on the carried out interviews, analysis and measurements the authors estimate that on average the whole paper and wood industry could engage at least 20 % from their average electricity consumption in DSR, this estimation is also is affirmed in [31] . The study [31] brings out that every company in the Estonian wood and forestry sector has on average 27 % free unused production capacity (δ). This enables the industry to increase its production output for short periods of time higher than the usual production capacity, making it ideal for DSR and DSM.
From the available electricity consumption data for the wood and paper industry the total DSM potential can be then calculated. The calculations are based on the assumption that the industry is operated in a 24/7 regime and the DSM potential is calculated based on the industry's average hourly electricity consumption. These assumptions guarantee that the calculated capacities are available for short terms of period, i.e. 1…2 hours. The possible DSM potential of the whole industry is calculated as follows
where m represents the number of industries in the sector, n is the total number of hours used to determine average electricity consumption, Pi, j represents the total electricity consumption for n hours at m industry companies, and δ is the reserve production capacity factor.
According to the estimation (4) it is possible that the Estonian wood industry can provide on average at least 22 MW of ancillary services and paper industry 8 MW. Results are summarized in Table II. A rough estimation of DSM amongst Estonian industrial consumers is given by using (4). The estimation is based on the following assumptions:
 the industrial consumers are in continuous operation (24/7),  the average hourly consumption is based on their total electricity consumption from public databases [32] ,  the load is eligible for DSR for minimum 1 hour,  the production lines are at least 20 % under loaded.
From this it can be estimated that the Estonian industrial sector would be additionally able to provide FCL up to 35 MW for ancillary services to the TSO through DSM.
B. Office Buildings
The DSM potential is based on the flexible load capacity factor φ as calculated in (5) and denotes the loads that can be flexibly controlled. Based on the electricity consumption of similar office buildings the possible DSM potential for 8/5 and 24/7 building is calculated according to (6):
where n is the total number of hours used to determine average electricity consumption, m represents the number of different types of flexible loads available for control, Pi total represents the total electricity consumption at hour n, Pi 1 ...Pi m represents the total flexible load at hour n, φ is the flexible load capacity factor, p represents the number of office building in the sector, o is the total number of hours used to determine average electricity consumption, Pk, j represents the electricity consumption for o hours at p office buildings. The estimation (6) indicates that the Estonian public services sector would be able to provide for ancillary services over a period of 1 hour on average up to 86 MW of regulating power. Results are summarized in Table III . 
C. Shopping Centres
The study determined that using a cold storage and controlling the ventilation system according to the price, it would be possible to provide ancillary service power in shopping centers up to 2 hours and 34 % from the average consumption capacity. For a period of 3…8 hours it would be possible to allocate 24 % from the average consumption capacity and 9…13 hours approximately 16 % from the average consumption capacity. The total DSM potential with or without cold storage can be estimated in a similar manner as for office buildings with (5) and (6) . The results are summarized in Table IV. It should be noted that due to nature of the controlled loads demand shifting with cold storage would increase the additional power requirement and thus the average electrical consumption outside the DSM measure timeframe 1.5 times.
VI. CONCLUSIONS
The possibilities to use different consumers' loads for DSR and DSM were discussed. An analysis of the Estonian power system regulation services indicated that although there are some technical limitations for implementing DSM then actually it is already today possible to incorporate electricity consumers to the system service provision. Majority of the required capacities remain below 40 MW …60 MW. The analysed samples of loads could possibly provide a high durational range of services for the TSO. The total DSM potential estimation is summarized in Table V. The largest potential for DSM is seen in the industrial sector, due to the relatively large unit consumers that can be allocated for aggregated control comparatively easy. In addition, the industry's production line is usually segmented allowing more flexibility for control. Also the high level of automation in the industry allows performing aggregation with relatively low costs. It is estimated that controllable DSR load in the industry can be around 65 MW, from what approximately half originates from the wood and paper industry. The controllable load potential in the commercial and institutional services sector (shopping centres and office buildings) remain between 93 MW…112 MW, depending on whether cold storage is implemented or not. This 93 MW can be provided steadily throughout the year. The largest potential constitutes from 8/5 type office buildings.
The analysis indicates that if DSR could be implemented for providing system services, the potential of DSM would be in the range of 160 MW…180 MW. The analysis determined that the average price for emergency, ancillary and balancing reserves in Estonia has stayed in the recent years between 50 euros…80 euros per MWh and it occurs around 2 200 times (hours) per year. In the assumption that on average up to 150 MW of DSR capacities could be provided for the region's ancillary services markets at least 1 hour…3 hour a day, then only the Estonian DSM market value would be up to 13 million euros.
Future work will focus on the analysis and modelling of possible voltage control related DSM services in small power systems. The aim of the study should determine the potential influence of load related voltage regulation services for the TSO. These should be at least in theory economically more feasible alternatives for voltage regulating devices that are required seasonally or on rare occasions.
